Three experiments were conducted to study sow and pig behavior during the 1st 3 d after birth and pig survival during the 1st 2 wk after farrowing. In Exp. 1, 23 sows were housed in conventional farrowing crates that were divided into five sections: a .5-× 1.5-m front creep section and the remaining area divided into four sections, .75 × 1.05 m each. Air temperature was maintained at 19°C, and a 250-W heat lamp was placed at the right side of the front creep in Treatment 1 (T1), or in the creep at the right side of the sow for Treatment 2 (T2). The percentage of pigs within 8 cm of the sow's trunk was not affected by treatment, but it decreased ( P < .001) from 61.8 ± 3.4% on d 1 to 28.1 ± 3.5% on d 3. As the percentage of pigs near the sow decreased, the percentage of pigs within the section containing the heat lamp increased (T1, P < .05; T2, P < .10). Experiment 2 involved 15 sows and litters housed as in Exp. 1, except that heat lamps were not provided, and average air temperature was 27.3 ± .2°C during behavioral observations. Even though the portion of the litter near the sow decreased ( P < .001) from d 1 to d 3 ( d 1, 57.0 ± 3.4%; d 2, 42.9 ± 3.3%; d 3, 31.7 ± 3.3%), pigs did not concentrate in any specific section as they moved away from the sow. The average number of pigs within the front creep section (Section 1 ) for the 3-d period was less than ( P < .01) the number in any other crate section. Experiment 3 involved 147 sows and tested the effect of solid creep floor covering on pig survival for each of the heat lamp locations used in Exp. 1. Neither heat lamp location nor floor covering affected pig survival. During the 1st 3 d of life, pigs tend to lie near the sow regardless of heat lamp location or air temperature. Heat lamp position and floor covering under the lamp do not affect pig survival.
Introduction
Nearly half of the 20% preweaning death losses observed in the swine industry occur during the first 2 or 3 d after birth (Bauman et al., 1966; English and Smith, 1975) . The inability of a 1-d-old pig to maintain body temperature (Mount, 1958 (Mount, , 1959 results in a need to minimize heat loss and conserve body fuel use. To compensate, the pig often huddles near the sow. Day-old pigs spend 60 to 75% of the time nursing or lying inactive near the sow (Titterington and Fraser, 1975; Lewis and Hurnik, 1985) , and they are vulnerable to crushing or injury by the sow.
Newborn rats (Eedy and Ogilvie, 1970) and rabbits (Hull and Hull, 1982) and hatchling chicks (Myhre, 1978) demonstrate thermotaxis in thermally graded alleyways. Newborn pigs also display thermotaxis in thermoclines (Mount, 1963; Balsbaugh et al., 1986) . If pigs use similar thermotaxic responses in the farrowing crate, then a heated creep would be expected to attract pigs away from the sow and thus reduce the chances of crushing and chilling. Single heat bulbs did not effectively attract pigs on d 1 in creeps covered by a hover (Lynch, 1983; Barber and Bourne, 1987) or in creeps without hovers (Titterington and Fraser, 1975) . Morrison et al. (1983) found that heat lamps located in creeps on both sides of the sow and at the front and rear of the crate reduced the percentage of time that day-old pigs lay near the sow. The first two experiments reported here were conducted to study sow and pig patterns of lying during the 1st 3 d after birth. A third experiment examined the effect of heat lamp position and flooring type under the lamp on pig survival during the 1st 2 wk of life.
Experimental Procedures

General Methods
The experiments presented here were conducted at the University of Wisconsin Swine Research Center located at Arlington, WI, and used six adjacent farrowing rooms that had identical dimensions and equipment. Each room contained two rows of six conventional farrowing crates that faced each other from across a 1.25-m-wide aisle. Crates contained a .7-× 1.9-m sow stall in a 1.5-× 2.6-m area surrounded by solid metal dividers. Each crate also contained a .5-× 1.5-m creep area in front of the sow stall. Heat lamps, when provided, were positioned either in the creep area at the right front corner of the crate or in the area on the right of the sow stall ( Figure 1 ) and consisted of a 250-W heat lamp (with reflector) suspended 69 cm above the crate flooring. Crate floors were a plastic-coated wire mesh (35% open space) supported over a .3-to .4-m-deep, enclosed, unventilated flush gutter. A negative pressure ventilation system in each room continuously removed air to the outside of the building at 6.8 m 3 /min. Farrowing rooms were also fitted with a system that blended heated air and room air and distributed the mixture through a duct above the center aisle.
Sows and gilts used in these experiments were from the university herd and consisted of purebred and crossbred Landrace, Large White, and Duroc breeds. Sows were moved into crates on d 109 of gestation. Throughout lactation, sows were allowed continued access to feed from self-feeders that were filled at approximately 0800 and 1400 daily.
Pig processing was performed on d 1, at least 1 h before, or anytime after, behavioral observations were made and included clipping needle teeth, trimming navels, docking tails, notching ears, weighing, and administering iron dextran injections. Male castration was performed after d 3 in Exp. 1 but done at the same time as other processing procedures during Exp. 2 and 3.
Experiment 1
Multiparous sows were paired by expected farrowing date and parity to compare sow and pig patterns of lying when the heat lamp was located either above the front creep or the side creep. The room was maintained at 19°C, a temperature commonly found in commercial farrowing houses. Every other crate in a row of crates was used to prevent heat lamps from warming the metal dividers and affecting neighboring pens. Treatments were randomly assigned within blocks of two crates. Initially, 40 sows were paired and were randomly assigned to crates within each block. The litters to be studied were required to contain between 6 and 12 pigs. Ten litters from the side creep treatment and 13 litters from the front creep treatment met these criteria.
Each crate was partitioned into five sections so that pig location could be quantitatively assessed during behavioral observations (Figure 1 ). Sectional boundaries were marked on the crate flooring. A heat zone was defined by the heated creep area under the heat lamp and was also marked on the crate flooring. All references to right and left are from a position at the front of the crate and facing the sow's head.
Sow and pig behavior were observed from 1200 to 1600 on d 1, 2, and 3 after farrowing. A maximum of six litters were observed on any date. The 4-h observation period on each day was divided into five, 48-min subperiods. Each subperiod was further divided into six 8-min blocks. A different litter was observed at the start of each time block. Litters were assigned at random to blocks within each subperiod. The following observations were noted at the beginning of each 8-min block: number of pigs in each crate section and the heat zone, number of pigs within 8 cm of the sow's trunk, and sow posture (i.e., lying laterally left or right, lying ventrally, standing, or sitting). Pigs lying on the boundary between two sections were considered to be in the section that contained the majority of their body trunk. Only the observer was allowed in the farrowing rooms 1 h before, and throughout, the observation period.
Air speeds were measured with a hot-wire anemometer 10 cm above the floor at the front, middle, and rear of each side creep in each crate before farrowing. The ventilation system was not adjusted, so postfarrowing air speed measurements were similar. Air temperatures at pig height were recorded between 1600 and 1700 and averaged 19.4 ± .80°C and 18.4 ± .95°C (mean ± SEM) for front and side creep treatments, respectively.
Statistical Analysis. The effect of pig age and treatment on the percentage of pigs lying within 8 cm of the sow's trunk and the average number of pigs in each crate section were analyzed by analysis of variance using GLM procedures (SAS, 1985) . Before analysis, data involving percentages were normalized with an arcsin square root conversion. Analysis appropriate for repeated measures was performed initially to determine whether the process of observing litters affected the portion of the litter that was residing near the sow from subperiods one through five. A chi-square goodness of fit test (Snedecor and Cochran, 1980 ) was used to determine whether the pattern of total pigs per section changed over time. For this test, the number of pigs in each section was totaled across litters for each treatment during d 1, 2, and 3. For each treatment, a 5 × 3 contingency table was constructed, and it contained the total number of pigs in each section category on each day. A significant change in the pattern prompted further analysis to determine whether the mean percentage of the litter (i.e., pig density) in the section that contained the heat zone also changed. Individual litter data were summarized to determine daily pig density within the section containing the heat zone. The percentage of the litter in the section containing the heat zone was categorized as being either low ( 0 to 25%), mediumlow (26 to 50%), medium-high (51 to 75%), or high (76 to 100%) density for d 1, 2, and 3. For each treatment, a 4 × 3 contingency table was constructed for the number of litters that fell into each density category on each day. A chi-square goodness of fit test (Snedecor and Cochran, 1980) was used to evaluate the changes in pig density within the section over time. Associations between sow posture and heat lamp location were analyzed using CATMOD procedures (SAS, 1985) . Air speed data were analyzed using analysis of variance procedures.
Experiment 2
This experiment was conducted in a 27°C farrowing room without supplemental heat in the creep area. Crate and environmental description, observation methods, pig processing, and statistical analysis procedures were the same as those in Exp. 1. Air speed was not recorded in this experiment. Even though the experiment was conducted during late summer, the room heater was usually required to increase the air temperature to 27°C at pig height 1 h before and throughout the daily observation period. After the observation period, heater thermostats were returned to a setting that ensured a 19°C minimum farrowing room temperature to minimize sow heat stress.
Experiment 3
This experiment was conducted using 147 purebred and crossbred multiparous sows in a 2 × 2 factorial treatment arrangement to test the effects of heat lamp location (front vs side creep) and a solid covering under the heat lamp (plywood panel vs no panel) on pig survival and growth during the first 2 wk after birth. The experiment was conducted from November through March of three consecutive years. Gestating animals were housed in individual stalls and were fed diets that contained nutrient levels above NRC (1988) requirements.
Bred females were ranked according to expected farrowing date. Four sows having similar parity, breed, and expected farrowing dates of less than 3 d apart were blocked and randomly assigned to one of the four middle farrowing crates within each six-crate row. The following treatments ( Figure 1 ) were randomly assigned to crates within each block: 1 ) a heat lamp suspended in the right front creep, with a 35.6-× 71.1-× .95-cm plywood panel centered under the lamp, 2 ) a heat lamp suspended above the right front creep with no floor covering, 3 ) a heat lamp suspended above the right side creep with a plywood panel centered under the lamp, or 4 ) a heat lamp suspended in the right side creep with no panel. Heat lamp activation was at, or immediately before, farrowing. No pigs were crossfostered in this experiment.
The following criteria were evaluated: number of live births per sow; the age and weight of dead pigs; individual pig weights at birth, 7, and 14 d of age; and sow ADFI. Air temperature 8 cm above the crate flooring was recorded daily before 1000.
Statistical Analysis. Pig survival data were analyzed using a combination of LIFETEST procedures (SAS, 1985) and Cox regression (PECAN) with treatment, birth weight, and sex used as covariates. The effect of heat lamp location and floor covering on sow ADFI, and average pig weight (within a litter) at birth and at 7 and 14 d were analyzed by analysis of variance using GLM procedures (SAS, 1985) appropriate for a 2 × 2 factorial treatment arrangement with blocking.
Results
Experiment 1
Air speed measurements (data not shown) taken before farrowing ranged from .02 ± .011 to .05 ± .031 m/sec (mean ± SEM) within crates and were considered uniform ( P > .1) and similar for both front and side creep heat lamp treatments. The ventilation system was not adjusted during the experiment, so prefarrowing and postfarrowing air speed measurements were similar.
Pig lying patterns did not differ ( P > .5) across subperiods, so daily litter observation data were pooled for analysis. Heat lamp position did not affect ( P > .5) the percentage of pigs within 8 cm of the sow on d 1, 2, or 3 (Figure 2 ). The percentage of pigs within 8 cm of the sow decreased ( P < .001) during the 1st 3 d of age. By d 3, pigs spent approximately half as much time near the sow as they did on d 1.
The pattern of total number of pigs per section changed during d 1, 2, and 3 regardless of whether the heat zone was in the front ( P < .005) or in the side ( P < .005) creep section (Figure 3) . During this period, pig density within the sections that contained the heat zones (Sections 4 and 5 ) increased, which caused a significant density category × age interaction ( P < .05) for the front creep section (Section 5 ) and a marginally significant ( P < .10) interaction in the section (Section 4 ) that housed the side creep. During d 1, only 2 of 12 litters in the front creep treatment and 2 of 8 litters in the side creep treatment had 50% or more pigs in the section containing the heat zone. The proportion of litters having 50% or more of the litter in the heated section during d 2 and 3 was 10 of 12 and 8 of 9 for front and side creep treatments, respectively.
Heat lamp location did not affect ( P > .05) sow posture during d 1, 2, or 3 ( Table 1 ). The incidence of sows that were not presenting the udder for nursing by lying either ventrally, sitting, or standing increased ( P < .005) from 6.6% on d 1 to 29.5% on d 3.
Experiment 2
Average air temperature was 27.3 ± .10°C during the observation period. The percentage of pigs within 8 cm of the sow decreased ( P < .001) from postpartal d 1 to 3, which is similar to observations in Exp. 1 (Figure 2 ). The percentage of pigs near the sow decreased from about 60% on d 1 to 30% on d 3. These values are similar to those observed in Exp. 1.
The age of the litter did not change ( P > .05) the distribution of total pigs per section (Figure 4 ), but the average number of pigs in the front creep section (Section 5 ) was less ( P < .01) than for the remaining crate sections. The average number of pigs in Sections 1, 2, 3, 4, and 5 for d 1 through 3 was 2.14, 2.80, 2.08, 1.62, and .73 (pooled SEM = ± .25), respectively.
Sows lay more on the left than right side when averaged across days ( P < .01; Table 2 ). The Figure 3 . Total number of pigs in each crate section on d 1, 2, and 3 of age when the heated zone was in the front creep (Section 5) or at the right side of the sow stall (side creep, Section 4). The treatment in which the heat zone was in the side creep involved 8, 9, and 9 litters and 62, 75, and 72 pigs for d 1, 2, and 3, respectively. A total of 12, 13, and 13 litters and 114, 119, and 116 pigs were involved on d 1, 2, and 3, respectively, when the heat zone was in the front creep. percentage of observations when pigs were lying on their belly, sitting, or standing was 8% on d 1 and 18.7% on d 3; however, these values were not different ( P > .1). Table 3 contains a summary of pig survival data. The percentage of stillbirths averaged 8.1%, ranging from 7.2 to 9.0% among treatment groups. Pig survival rate averaged 91.5%, ranging from 88.4 to 92.5% among treatment groups.
Experiment 3
The LIFETEST procedures (SAS, 1985) indicated no differences ( P > .5) in survival rates among treatments over 14 d. Logrank and Wilcoxon tests from LIFETEST did not show any differences in survival probability during late or early portions of the trial ( P > .5).
Approximate Cox regression (PECAN) initially indicated that treatment and blocking did not affect survival ( P > .4). However, stratifying birth weight into low (<.99 kg), medium (1.0 to 1.99 kg), and high (>1.99 kg), and including sex and treatment as factors, indicated that the treatment of side creep and no floor covering marginally ( P < .08) increased a pig's risk of death. Treatments did not affect ( P > .05) the probability of pig survival for low-, medium-, and high-birth weight animals. The likelihood of pig survival increased as birth weight increased ( P < .01). Table 3 . Effect of heat lamp position and floor covering on pig survival (Exp. 3) a + = with floor covering, − = without floor covering. b Withdrawn pigs were healthy pigs removed from the study for other experimental purposes. LIFETEST and Cox regression account for these animals when determining survival probability functions. Neither heat lamp position ( P > .3) nor floor covering treatments ( P > .6) influenced pig weight at birth or at 7 or 14 d of age (Table 4) . Placing the heat lamp in the side creep did reduce ( P < .05) sow ADFI (4.05 vs 3.73 kg/d; Table 4 ).
Discussion
Newborn pigs, like newborns of other litter-bearing species (mice and gerbils, Eedy and Ogilvie, 1970 ; guinea-pigs and rabbits, Dawes and Mastyan, 1963) cannot adequately regulate their body temperature and are at risk of hypothermia. Moving pigs away from the sow and into a heated creep area during d 1 should conserve pig energy, decrease crushing or injury, and reduce mortality. However, pigs stay near the sow rather than selecting the warmth of a creep (Lynch, 1983; Barber and Bourne, 1987) . We found that approximately 60% of the pigs were near the sow on d 1, confirming earlier findings of Titterington and Fraser (1975) , who showed that pigs spent 60% of their time within 10 cm of the sow on d 1.
One explanation for the high portion of the litter near the sow on d 1 is that newborn pigs nurse at will during d 1. Lewis and Hurnik (1985) found that pigs nurse about 40% of the time on d 1. After d 1, the sow governs nursing, and the litter nurses in bouts, separated by periods without nursing. The reduction in the percentage of pigs within 8 cm of the sow during d 2 and 3 after birth may be partly due to the onset of the nursing in bouts. Pigs may stay near the sow on d 1 more than is required for nursing because remaining close provides comfort for the pigs.
The ineffectiveness of the heat lamp in attracting newborn pigs away from the sow could occur because the lamp provides heat that is inadequate to make pigs aware of the creep or to compete effectively with the sow as a heat source. If heat attracts pigs to the sow, then a warm (27°C ) environment would be expected to decrease the tenacity with which newborns stay close to the mother. However, in a warm environment, nearly the same percentage of pigs stayed within 8 cm of the sow as did when the environmental temperature was 19°C.
Even though the room temperature was elevated, the conditions were below 34°C, the lower critical temperature for newborn pigs (Mount, 1959) , so pigs would be expected to huddle with littermates or the sow to conserve energy. Heat lamps were not operating in the 27°C environment, so pigs could not move to a more favorable thermal environment than that near the sow. Perhaps energy conservation was still a factor in the choice of where pigs resided and may explain why fewer pigs located themselves in the front creep than in sections on each side of the sow stall.
The percentage of times that sows were observed lying ventrally, sitting, and standing increased from d 1 to d 3 in Exp. 1. In Exp. 2, the sows exhibited a similar trend from d 1 to 3. These postural changes may be important in terminating mother-young contact, and in encouraging pigs to leave the sow, at which time they may seek the heat lamp. This may explain why the percentage of pigs within 8 cm of the sow decreased between d 1 and 3. Petherick (1982−83) observed that pigs were more likely to move (55 to 81 cases) away from the sow after nursing when she makes her udder inaccessible by rolling onto her sternum or by standing. When the sow continued to lie with her udder exposed after nursing, pigs moved away in only 1 out of 198 cases. One means by which lactating rats terminate motheryoung contact is by steadily decreasing nesting time during the 1st 2 wk. Thermal stress on the female rat as she huddles with the young may cause this effect (Leon et al., 1978) . Sows restrained in stalls cannot leave the nest, so they can only decrease udder exposure to disengage the litter.
At birth, pigs do not have a priori knowledge of the heat lamp, or its warming effects, so they cannot meaningfully seek the lamp, and can only orient toward the lamp by discovering it through chance or by following a thermal gradient toward the heated area. Results from Exp. 1 show that a heat lamp in the area beside the sow stall or a lamp placed in the front creep area attracted pigs equally on d 1, suggesting that creep location does not play a major role in newborn pig attraction. Still, Barber and Bourne (1987) observed that 1-d-old pigs used a side creep box less than a lamp-heated front creep area. In their experiment, the open configuration of the front creep may have enabled pigs to more easily locate the creep by chance and have provided a thermal gradient to further aid orientation than did a box.
Most commercial farrowing crates have mesh floors with openings for waste removal. The openings can also allow radiation from the lamp and from the animals to escape. A plywood covering over the floor increased black bulb temperature in the creep area by 2°C, but pig weight at 7 and 14 d and pig survival were the same across flooring types. Treatment effect on survival was difficult to detect owing to high survival rate (88.4 to 92.5%) in all treatments. Pig mortality risk increased marginally ( P < .08) for the treatment of side creep and no floor covering. Whether this outcome results from altered pig behavior cannot be determined because pig location was not evaluated for the two floor treatments.
In Exp. 3, sow feed intake decreased ( P < .05) when the heat bulb was in the side creep compared with when the bulb was in the front creep. The side creep lamp may also heat the sow and produce minor heat stress. Additional heat load to the sow could occur when pigs congregate in the creep or lie outside of the heat zone and close to the sow when the creep becomes crowded as the pigs grow. Experiment 3 was conducted during the winter so the farrowing room temperature was similar to that of Exp. 1. During hot weather, a heat lamp operating in the side creep to elevate the temperature above the 34°C critical temperature for newborn pigs could severely depress sow feed intake. A front creep location seems a preferred heat lamp location for minimizing adverse effects of heat stress on sow feed intake, especially under warm farrowing room conditions.
Implications
Producers often place a heat lamp in the creep to attract pigs away from the sow to decrease pig mortality from crushing by the sow. From the 1st to 3rd d of age, the percentage of the litter near the sow decreased, and the percentage in the heated creep area increased. Pigs seem to increasingly move away from the sow regardless of whether a heat lamp is present, provided that they are in a warm environment. The common practice of placing a single heat lamp in either the front or side creep area does not seem an effective way to attract pigs away from the sow. As pigs age and move away from the sow, a heat lamp is an effective way of attracting pigs to a creep area. A heat lamp in the side creep during the first several days may provide supplemental heat to pigs lying near the sow at a time when they are most vulnerable to chilling. However, maintaining the heat lamp in the side creep can depress sow feed intake as compared with placing the lamp in the front creep.
